The 2013 NCCN Clinical Practice Guidelines in Oncology for Colorectal Cancer Screening address the evaluation and management of patients at risk of inherited susceptibility to colorectal cancer. These patients include the 2 broad categories of patients with familial adenomatous polyposis and its variants, and those with hereditary nonpolyposis colorectal cancer, or Lynch syndrome. This article provides a somewhat personal, yet hopefully evidence-based, approach to the questions of when to test individuals for inherited susceptibility, and how to do so. "When" can be taken to mean "under what circumstance" and "at what age"; this article attempts to speak to each sense of the term. (JNCCN 
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Learning Objectives
Upon completion of this activity, participants will be able to:
• Explain factors to consider when deciding whether to perform APC testing for possible FAP • Summarize appropriate criteria for tumor testing for possible Lynch syndrome in patients with colorectal cancer • Discuss the potential role of a universal testing strategy (UTS) for Lynch syndrome
The 2013 NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for Colorectal Cancer (CRC) Screening address the evaluation and management of patients at risk of inherited susceptibility to colorectal cancer (available in this issue; to view the most recent version of these guidelines, visit NCCN.org). 1 These patients include the 2 broad categories of patients with familial adenomatous polyposis (FAP) and its variants, and those with hereditary nonpolyposis CRC (HNPCC), otherwise known as Lynch syndrome (LS). This commentary provides a somewhat personal, yet hopefully evidence-based, approach to the questions of when to test individuals for inherited susceptibility, and how to do so. "When" can be taken to mean "under what circumstance" and "at what age"; this article attempts to speak to each sense of the term.
The questions a clinician must consider initially are: 1) what disease process am I entertaining?, 2) is there a potentially informative genetic test?, and 3) has that test already been performed on this patient or a family member and, if so, was it informative?
What Is the Disease Process in Question?
This may be very straightforward, as in most cases of FAP. The patient may have a clinical diagnosis of hundreds of adenomas, which is diagnostic in and of itself. In this case, genetic testing will not really alter the patient's management, but will serve as a basis for predictive testing in at-risk relatives. [2] [3] [4] More recently, patients have been noted to have oligopolyposis (<100 polyps, often <10 or 20). 5 This patient may have attenuated FAP with a mutation in the APC gene. 6 Biallelic mutations in the (recessive) MUTYH gene may be found instead, and the counseling clinician must be prepared to offer both APC and MUTYH testing. 7 In these cases, detecting a mutation will both confirm the clinical diagnosis and, as in the case of more classic FAP, serve as a foundation for predictive counseling and testing in other family members.
As the NCCN Guidelines for CRC Screening 1 continue to emphasize, a patient with FAP or a variant is asked at the initial assessment whether mutational testing has been performed. If the nature of the polyposis is straightforward, with the patient clinically affected, and no one else was already tested, then testing is offered. This involves full-length sequencing of the APC gene, rearrangement studies in the event of a large deletion not detectable on sequencing, 8 and possibly MUTYH gene testing. This is an expensive undertaking. Ideally, when considering testing of an unaffected at-risk patient, it should involve an effort to detect the presence or absence of a mutation already identified in another family member. This is especially important when the patient in question is young and not known to be affected with adenomas, and being evaluated for the presence of mutation before initiation of clinical screening. In these cases, the counselor attempts to find an affected parent or other relative for initial testing to confirm the presence of a pathologic family mutation, which should be present in up to 90% of families with classic FAP.
Generally, APC testing is not offered before the age of approximately 10 to 12 years, which is the age at which clinical surveillance for polyps would otherwise be appropriate. An argument can be made for testing in infancy when risk of hepatoblastoma is a concern.
9 When no mutation is found in an affected relative, those at risk must undergo clinical surveillance "as if " they were mutation carriers, because in this circumstwance they cannot be proven not to be carriers. If the affected parent is deceased and no mutation information is present, several options may be considered. Ideally, some other affected relative, perhaps a sibling of the deceased parent, has been tested or is available for testing. If no known affected individual is available, the young, at-risk patient can be tested. However, in this setting, a negative test remains nondiagnostic (indeterminate or uninformative), because approximately 10% or more of cases of even classic FAP will have uninformative testing. If additional at-risk siblings are tested, and any are found to carry an APC mutation, then the previous nondiagnostic test can be reclassified as a true-negative. Although the Bayesian principles of Mendelian genetics involved in this process are straightforward, providing formal genetic counseling is nevertheless advisable in most instances, lest missteps in the testing process occur. 10, 11 As suggested earlier, the clinical diagnosis of FAP may itself be in serious question. The adenoma burden may be relatively light: fewer than 50 polyps, maybe fewer than 10 or 20. The patient may be older at diagnosis (≥40 years of age) and/or have no known family history of similar polyp burden. When the polyps are few or occur late, APC testing may confirm the diagnosis, although polyposis in additional affected relatives may confirm the diagnosis at a clinical level. In the case of this more attenuated FAP, mutational testing is less likely to be diagnostic than in classic FAP, with APC mutation detection ranging from 56% in those with 100 to 999 adenomas (a likely mix of classic and attenuated FAP) to as low as 10% when only 10 to 99 adenomas are present. 12 When the polyp burden is low and the family history is negative, there may be an alternate genetic diagnosis, namely biallelic mutations in the MUTYH gene. 13 Biallelic mutations in this recessively acting gene account for approximately 10% to 20% of cases of polyposis occurring in the absence of parental involvement.
14 As expected, one-fourth of siblings can be expected to be clinically affected. A modest increase in adenoma and cancer risk seems to be present in patients with only one mutated MU-TYH allele, but the magnitude of this risk appears to be low. 15 
When to Test for Suspected LS?
Often the most challenging case will be the patient with CRC but few or no adenomas. Typically, a patient such as this will have a CRC detected based on symptoms or screening colonoscopy, possibly prompted by a reported family history of CRC. If the patient is young and/or the tumor is right-sided, and especially in the presence of a positive family history, the presence of LS should be suspected. [16] [17] [18] [19] As in the case of FAP, the approach to evaluating for LS depends on whether genetic testing has already been performed on someone else in the family, and what that testing yielded. As time passes, increasingly more patients with CRC will have undergone some form of testing, and so the chance that some other relative has already been evaluated can only increase in the future. Therefore, it is always helpful, as part of the general medical history, to not only ask about the family history of cancer but also ask whether any relatives with colorectal, endometrial, or other LS spectrum tumors have already been tested. Unfortunately, it is still the exceptional case in which this evaluation has already been performed. Furthermore, if it has been performed, a concerned, at-risk relative will not always arrive in the clinic armed with the pertinent information. Retrieving the results of the previously conducted genetic test from the laboratory report is helpful to determine whether the result was informative.
When no antecedent testing in the family is available to rely on, the questions may include the following:
• Has the patient been diagnosed with CRC?
• When malignant tissue is not available, can a benign adenoma be evaluated for microsatellite instability (MSI) or loss of mismatch repair (MMR) protein expression through immunohistochemistry (IHC)? 20 IHC and MSI testing have not been validated in colorectal adenomas, even though they are performed by some clinicians.
• Should practitioners always follow clinical guidelines for tumor testing, such as Bethesda Guidelines, or is the institution one of the growing number in which such MSI and/or IHC testing is performed "universally"? 21, 22 A universal testing strategy (UTS) is described later.
• If the patient has no cancer diagnosis and the consultation is undertaken because of concerning family history only, is the a priori risk high enough to warrant germline mutation testing anyway?
16 MSI, when present and not caused by methylation of the MLH1 promoter (see later discussion), is a strong predictor of LS, and generally warrants germline mutation testing. [23] [24] [25] [26] [27] [28] [29] [30] Conversely, a normal MSI/IHC constitutes a very strong negative predictor, such that mutation testing in the face of normal MSI/IHC should only be considered when the clinical picture is otherwise compelling. Current NCCN Guidelines for CRC Screening 1 (in this issue) recommend tumor testing when any of the Bethesda Guidelines 29, 30 criteria are met (to view subsequent updates to these guidelines, visit NCCN.org). In light of increasing adoption of UTS, the new NCCN Guidelines include the option of UTS as an alternative to use of Bethesda Guidelines.
1,2,31 These recommendations were proposed in order to have a threshold for MSI tumor testing that was reasonably sensitive and specific for detecting likely candidates for the subsequent step of mutational testing. The guidelines essentially propose tumor testing in any patients diagnosed with CRC before 70 years of age, and for testing after that age when varying combinations of other clinical features are present, such as family history or multiple primary cancers. Before 50 years of age, a tumor with MSI-whether detected through PCR-based methodology or the common surrogate, IHC involving antibodies against the proteins corresponding to the several MMR genes [31] [32] [33] [34] -will indicate a high likelihood of HNPCC/LS. In older patients with a modest or absent family history, an abnormal MSI or IHC result may indicate a sporadic, epigenetically, or somatically acquired defect. [23] [24] [25] The finding may still be important. In these cases, an assay directed at detecting MLH-1 hypermethylation or its surrogate, BRAF mutation, may suggest the non-HNPCC/LS basis and a recommendation for no further HNPCC/ LS-related testing. MSI/IHC testing is now often routine and does not require either a written informed consent or any formal genetic counseling. However, when testing follows such a routine, it is nevertheless essential that the institution have oversight of the process. This includes proficiency testing that assesses the correlation between MSI and IHC findings, which should be at least 95%, because errors in interpretation could occur, especially involving weak or patchy IHC staining. 35, 36 Furthermore, an experienced genetic counselor and clinician should review the findings of both informative and uninformative cases to ensure that results of individual cases and the larger practice are consistent with expected values. Periodic updates of institutional performance are warranted for all involved clinicians. 21 Tumor testing need not be limited to CRC. Routine evaluation of endometrial cancers for MSI is emerging, and MSI testing does seem to be potentially informative for other extracolonic cancers within the HNPCC/LS spectrum.
37-39

Can Adenomas Be Evaluated for MSI/Abnormal IHC?
In some patients, particularly those undergoing colonic surveillance based on a positive family history, the only pertinent finding may be a premalignant adenoma. If no malignancy is available for testing, and an a priori risk model does not predict a high likelihood of mutation, an adenoma can be tested for MSI/IHC. 20, 40 It has been shown that even in patients with proven MMR mutations, the likelihood of MSI being informative in adenomas is considerably lower than in malignancy. Not surprisingly, the yield increases with adenoma size and severity of dysplasia. 20, 40 Therefore, it may be worth testing an adenoma, but normal findings do not carry the negative predictive power that normal findings in a cancer would. Finding an adenoma in a young patient with a strong family history may support a case for germline mutation testing. However, existing data and the corresponding risk-assessment models have not really been able to provide any appropriate support for mutation testing in the presence of an adenoma only, at least not in the absence of MSI.
Rectal cancers require some comment. Rectal cancer is relatively more common in patients with MSH6 mutations, 40, 41 but can be seen in patients with other MMR mutations. Most patients with rectal cancer present with locally advanced disease, for which preoperative chemoradiation is typically given. Commonly, little or no residual tumor remains after this treatment, and therefore the informativeness of MSI testing will be reduced. 42, 43 For this reason, obtaining adequate tumor tissue before chemoradiation is ideal. In fact, performance of MSI/IHC at the initial CRC diagnosis is helpful even in patients for whom preoperative chemoradiation is not planned, because an informative MSI/IHC before surgery may affect the approach (extent) of surgery, even if germline testing has not yet been performed or is otherwise nondiagnostic.
Role for a UTS
Many institutions are now adopting a UTS for all new CRCs to determine evidence of MSI, rather than basing the decision to evaluate on some clinical subsets, such as the Bethesda Guidelines. 21, 22 The rationale is 2-fold: 1) even liberal application of the Bethesda Guidelines fails to detect some cases of HNPCC/LS, and 2) recognizing that no more than approximately 20% of MSI CRCs in fact have HNPCC/LS, and the rest have acquired MLH1 promoter methylation-mediated MSI, then any case of MSI may be worth detecting because of differences in prognosis and potential response to chemotherapeutic agents. 43 Current NCCN Guidelines for CRC Screening 1 (in the issue) do recommend this as one option, with the alternative being testing the tumors from patients younger than 70 years and older patients when additional Bethesda features are present (to view subsequent updates to these guidelines, visit NCCN.org). A truly universal approach has been more positively endorsed by the Evaluation of Genomic Applications in Practice and Prevention (EGAPP) working group. It is too early to tell whether this will become a more standard practice, but the trend seems to moving in this direction. 31 Another even more ambitious approach involves the use of very large panels of genes that have had exomic sequencing performed via next-generation sequencing technology. 44, 45 These high-throughput approaches can be used to identify mutations in tumors that may suggest differences in prognosis and treatment responsiveness, but on a much larger (and unfocused) scale than the adoption of UTS. These multigene panels commonly include MLH1 and one or more of the other MMR genes, so at least some potential HNPCC/LS cases would be routinely identified.
Germline Mutation Testing
However targeted, patients undergoing germline mutation testing for HNPCC/LS, and their providers, must accept the fact that current clinical testing identifies pathogenic mutations in only approximately 50% to 70% of patients. 28, 46 This testing generally includes both sequencing of exons in exon-intron boundaries, along with an assay for the comprehensive detection of large rearrangements.
Current NCCN Guidelines for CRC Screening 1 (in this issue) generally assume that an index patient will be one with cancer who has a tumor available for MSI testing, whether this has followed a clinical selection strategy or the newer UTS (to view subsequent updates to these guidelines, visit NCCN. org). However, the guidelines do provide for the situation in which no tumor is present. The typical situation is the healthy adult child of a parent who is deceased and whose tumor diagnosis was more than 10 years ago, such that tumor blocks are no longer available for MSI/IHC. Dinh et al 47 performed analyses that used risk-assessment models (in this case the PREMM 1,2,6 model developed at the DanaFarber Cancer Institute 48 ) to estimate thresholds for cost-effectiveness in testing. Using the very simpleto-administer PREMM model, prior probabilities of 5% or greater in young adults were considered an appropriate threshold for considering mutational testing. This practice has not gained widespread acceptance in decision-making about testing, given the more powerful positive and negative predictive power of MSI-based testing. However, the use of riskassessment models has, in the author's experience, proven very helpful in framing the probabilities of mutation detection for individual patients.
Conclusions
Current NCCN Guidelines for CRC Screening 1 (in this issue) provide a detailed approach to decisionmaking with respect to patients suspected of inherited susceptibility to multiple polyp disorders and also to HNPCC/LS (to view subsequent updates to these guidelines, visit NCCN.org). Care is taken to properly characterize the clinical presentation of a given subject, including details regarding family history. This enables testing for the most appropriate genes. At the same time, current algorithmic approaches recognize the limitations of genetic testing, mainly the possibility that this testing may fail to identify a mutation. This in turn requires that clinically oriented decision-making include strategies for cancer surveillance in the event of nondiagnostic testing.
In the polyposis-related disorders, whether adenomatous or hamartomatous, it is generally easy to determine that a patient is affected, and the yield in mutational testing of these individuals is high. In the uncommon case of uninformative genetic testing, endoscopic or other screening of at-risk relatives remains fairly straightforward, as described in the NCCN algorithms. 1 HNPCC/LS poses somewhat greater complexity and challenge. It may be difficult to be sure that a given patient with cancer is syndromically "affected" at all, and tumor MSI and/or family history may or may not be compelling. Even in a "best case" scenario of MSI-high status (or protein loss when IHC used) and a compelling clinical picture, the mutation detection rate rarely exceeds 70%. When a mutation is found, testing of patients who are at-risk is straightforward, but the clinical screening of carriers can be daunting, expensive, and potentially risky. Despite these various pitfalls, the current NCCN Guidelines for CRC Screening 1 (in this issue) pro-vide a helpful guide for clinicians willing to walk patients through the process (to view subsequent updates to these guidelines, visit NCCN.org). As in all such endeavors, reliance on properly trained genetic counselors 49 can help assure that the patient is wellinformed of testing-related issues. This includes the need to alert at-risk relatives of the potential benefits of a mutation testing-driven approach to their own management, rather than have them undergo purely empiric screening that is based only on the "positive family history." 
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